Infectious bovine keratoconjunctivitis (IBK) is a widespread, highly contagious ocular disease of cattle that causes significant economic loss to the livestock industry. 1, 2, 8, 9, 15 The pathogenesis of the disease and the development of the carrier state is not completely understood. 5 Epidemiologically, the disease is seen most commonly in young cattle, reaching epizootic proportions in late summer and autumn. [3] [4] [5] [6] Although the exact mode of transmission is unclear, the disease is probably transmitted via the ocular route and is associated with an increased prevalence of Musca domestica, M. autumnalis, and Stomxys calcitrans and increased exposure to ultraviolet radiation.
3,4,6-8 Persistence of the disease in herds is maintained by both infected animals and asymptomatic carriers, either of which may serve as carriers for periods > 1 year. 3, 4, [6] [7] [8] [11] [12] [13] The etiologic agent of IBK is Moraxella bovis, a nonmotile diplobacillus measuring 0.5 x 1 µm. 9,10 Pathogenic M. bovis strains can be distinguished from nonpathogenic strains on the basis of ,&hemolysis on blood agar and the prevalence of many pili on the cell surface. 11, 14 Most isolates of M. bovis contain multiple plasmids, although the function of these plasmids is not known. 16 An enzyme-linked immunosorbent assay (ELISA) for measuring IgG and IGA in serum and lacrimal secretions provided evidence that resistance to IBK can be associated with the presence of circulating antibody. 11, 15 The objectives of this study were to determine the prevalence of M. bovis in asymptomatic bulls and to monitor the spread of IBK among cohorts from culture-positive cattle to sentinel cattle of unknown IBK status.
One hundred sixty bulls that were presented to the Large Animal Clinic and veterinary field service units of Auburn University over a 2½-year period for evaluations of various conditions unrelated to the eye were included in the study. All bulls met the following criteria: 1) free of clinical signs of IBK, 2) no antimicrobial agents received within the preceding 28 days, 3) none originated from a herd with a history of IBK during the preceding year, 4) not exposed to known infected animals during the preceding 3 months. No more than 3 bulls from the same herd were included in the study.
The bulls were from 103 farms in Alabama and Georgia. Twelve different breeds were represented by 3 or more bulls. Twelve bulls had white eyes and unpigmented eyelids. One hundred twenty-two lacrimal culture and sera samples were collected from May 1 through October 31. Thirty-eight samples were collected from November 1 through April 30. One hundred twenty-three samples were from animals between 1 and 2 years old. Eighteen samples were from bulls 2-4 years old, and 19 samples were from bulls >4 years old.
One hundred eighteen of the bulls were subsequently pastured with approximately 200 sentinel bulls of unknown IBK status for 120 days. Principal bulls and sentinel bulls were monitored by our field services for clinical signs of IBK weekly for 120 days. Ocular secretions and sera were collected at the time the bulls were placed together. The conjunctival sac of each eye was swabbed with a 15cm sterile nylon-tipped culturette ®a and transported to the laboratory on ice for inoculation onto 5% bovine blood agar plates. On blood agar, the pathogenic M. bovis strains were identified as small, round, gray-white colonies that produced P-hemolysis and surface erosion of agar. The organisms were oxidase-positive diplobacilli that did not grow on McConkey agar or ferment carbohydrates. Blood samples for serum were obtained from the jugular vein of each bull at the time of ocular culture. Sera were harvested and frozen at -20 C until used for ELISA antibody determination. The ELISA for measuring antibody to M. bovis was done using a 1:1,000 dilution of a culture of the hemolytic Newport strain as the plate antigen grown to a 0.5 McFarland density standard. Cells were pelleted and resuspended to the original volume in carbonate-bicarbonate buffer, pH 9.6. Each well of the 96-well ELISA plate received 200 µ1 of the antigen preparation, and the plates incubated overnight at 43 C. The plates were then washed 3 times with phosphate-buffered saline containing 0.005% Tween 20 (PBS-T), pH 7.2, and 100 µ1 of a 1:2 or 1:10 dilution of test serum was added to each well. Known positive serum produced by repeated subcutaneous injection of Newport strain M. bovis into a culled animal served as the control. Heat-inactivated fetal bovine serum used for cell culture served as a negative control. Plates were incubated at 37 C for 1 hour and washed 3 times with PBS-T. Rabbit anti-bovine IgG conjugated to horseradish peroxidase was added to each well, incubated 1 hour at 37 C, and washed 3 times with PBS-T. The color reaction was developed with 0.5 M H 2 O 2 , ABTS (2,2'-azinodi-[3-ethylbenzthiazoline sulfonic acid]), and 0.5 M citric acid buffer. The color reaction was allowed to develop for 15 minutes, was stopped with 0.1 M hydrofluoric acid, and was read at 414 nM on an automated ELISA microplate reader.
Of the 160 bulls sampled, 3 (1.88%) had positive ocular cultures for pathogenic M. bovis in both eyes. No positive cultures were found in only one eye, and no nonpathogenic M. bovis were isolated. All 3 positive bulls were under 2 years of age and had no pigmentation of the eyelids (25% of the white-eyed bulls). Two bulls were Polled Herefords from the same farm and the third was a Beefmaster.
All sera tested were negative for antibody to M. bovis. Clinical signs of IBK were not observed in the study bulls (which included the 3 culture-positive bulls) or in sentinel cattle during 120 days of observation. Negative control sera produced a pale green tint after completion of the color reaction. The positive serum had a dark green tint. All test sera were noticeably lighter than the positive control.
Results of this study indicate that pathogenic strains of M. bovis are not commonly found in the eyes of bulls that do not exhibit clinical signs of IBK. Isolation of IBK from whiteeye animals of the youngest group examined suggests a genetic or an age-related susceptibility to infection with M. bovis. The relation of eye pigment and propensity for infection has been previously noted. 4 Failure of transmission among the sentinel animals may suggest some level of herd immunity.
Because of the small number of positive cultures and the complete lack of ELISA-positive samples, conclusions could not be made regarding correlation of culture results and ELISA or serum antibody titer or regarding the importance of ocular culture-positive asymptomatic bulls serving as carrier animals. Failure to detect circulating antibody in culture-positive animals in this study demonstrated the difficulty that will be encountered when serologic testing is used for monitoring this disease. methods are used. However, antigen-antibody interactions can be faulted by nonspecific interactions, and there are frequent diagnoses of false positives from vaccinated animals that have high levels of circulating antibodies. 7 Biotinylated B. abortus strain 19 (S19) DNA used as a molecular probe can detect B. abortus directly in aborted fetal tissues when the number of bacteria is reasonably high (10 5 ). 5 The highly sensitive diagnostic DNA amplification method termed polymerase chain reaction (PCR) 8 has made possible the development of a more sensitive test for detecting BruceIla than hybridization dot blot analysis. The preliminary development of a diagnostic test for Brucella based on PCR has been
